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Pages 24 and 26: Figures 10 concluded and LL concluded are incorrectly 
numbered and poeittlon of these concluding 'parts of the two figures 
should be interchanged. That is, the figure ntanbered "Figure 10. - 
Concluded." contains data for %he wing-fuselage canbination end should 
be numbered ItFi6ure 11. - Concluded. Conversely, the figure numbered 
"Figure 11. - Concluded. " contains data for the wing alone and should 
be numbered "Figure 10. - Concluded. 'I 
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RATIO 0.6, AND NACA 65A004 AIRFOIL SECTION 

By Boyd C. Myers, 11, and James W. Wiggin8 

A s  part of a transonic  research program  conducted by the Bational 
Advisory Cgmittee f o r  Aeronautics, a series of wing-body coniblnatiorm 
i s  being  investigated i n  the Lasgley high-speed 7- by  10-foot  tunnel 
over a Mach  n-er range of 0.60 t o  1.15 ut i l iz ing the transonic-bmrp 
technique. 

This paper presents  the results of the invqstigation of a wing alone 
and a wing-fuselage cdFna t ion  employing a wing with an u n m p t  quarter- 
chord line, aspect ra t io  4, taper ratio 0.6, and an NACA 65A004 a i r fo i l  
section. L i f t ,  drag, pitching moment, and root bending Illoment were 
obtained for  these  configurations.  Effective downwash anglee and 
dynamic-pressure characteristics were a l e o  obtained for  these configu- 
rations f o r  a rasge-of t a i l  height8 i n  the region of a probable tail 
location. In order t o  elrpedite the  publication of these data, o n l y  a 
brief analysis i s  included.. 

A series of wlngs i e  being  investigated Fn the L m e y  high-speed 
7- by 10-foot tunnel t o  study the effects of w i n g  geometry on the w i n g  
alone asd wing-fuselage longitudinal stabil i ty  characterist ics a t  
transonic speeds. The sane fuaelage i e  used for a l l  wings tested in 
this series. A Mach rider range between 0.60 and 1.15 i s  obtained by 
ut i l iz ing the transonic-bump technique. 
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T h i s  paper preeents the results of the Investigation of the WFng 
alone and of the wing-ftzselage configmations employing a wing with an 
unswept quarter-chord line,. aspect’ ratio 4, taper  ratio 0.6, and an - 

NACA 65AO04 airfoil  section parallel t o  the  a i r  stream. The experimental 
result s of a wing of identical plan form ham an NACA 65AW6 a i r fo i l  
section wbich was tested as pa& of the  transonic program are preeented 
in reference 1. 
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lift coefficient  (Wce semispan l i f t / q S )  

drag coefficient (Twice semispan drag/qS) 

pitching-moment coefficient  referred t o  0.25E (Twice 
semispan pitching moment/qSc) 

bending-moment coefficient 
bending moIlrent/q 

effective dynamic pressure 

at plane of S ~ I U E ~ X Y  Root ( 
over span of mdel, pounds 

twice wing area of s e m i q a n  model, 0.1-25 square foot 

mean aerodynamic  chord (M.A.C.) of wing, 0.181 foot 

c2dy (using theoretical t i p )  

local wing chord, feet 

M c e  span of semispan model 

spanwise distance front p l k e  of sgmmetry 

a i r  density, slugs per cubic foot 

airspeed, feet per aecond 

effective Mach number over span of model 

. 
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MZ local Mach rimer 

M, 

R Reynolds rider of wing based on c 

a angle of attack, degrees 

6 effectfve downwash angle, degrees 

average local Mach nmiber,  chordwise 
- 

%*/9 ratio of point dynamic pressure t o  free-stream dynamic 
pre E sure 

ht 

l a t e r d  center of  pressure,  percent  emi is pan 1- ( 2) 
tail height relative t o  wing chord plane extended, percent 

semispan, poeitive for t a i l  positions above chord plane 
extended 

The wing of  the senJ-span model had Oo sweepback referred t o  the 
quarter-chord line, a taper ratio of 0.60, an aspect  ratio of  4, and an 
NACA 6 5 A W 4  a i r f o i l  section  parallel t o  the free etream. The wing was 
made of steel  and the  fuselage of braes. A two-dew drawfng of the 
mdel  i s  presented i n  figure I, and ordinates of the fuselage of fineness 
ratio 10 can be found in table I. 

The model was mounted on an electrical  strain-gage b-ce wbich 
was enclosed €n the b-, and the lift, drag, pitcMng m e n t ,  and 
bending moment about the model plane of symmetry were meaeured, with 
potentiometers. 

Effective damwash angles were determined f o r  a range of ta i l  height 
by measuring the  floating  angles of free-floatlng tails with the aid of  
calibrated galvanometers. Details of the  f loating  taile are ehown i n  
figures 2 and 3, and a pictor ia l   dew of the model on the bmp, shawfng 
three of the  f loating  tails ,  i s  given in  figure 4. The tails uaed €n 
t h i e  investigation were of the same geometry as those used in 
reference 1. 

A total-pressure rake W&B employed t o  determine point dynamic- 
pressure ratios f o r  a range of tail heights along a line which contalned 
the 25-percent-meas-aerdynamic-chord pint of the  free-floating tails. 
The total-pressure  tubes were  spaced 1.8 inch a m  near the --chord 
l ine extended and 1/4 inch ap& elsewhere. 
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TESTS 

The te&s were  made in  the Langley  high-speed 7- by 10-foot tunnel 
u t i l i z i n g  &zz adaptation of the NACA wing-flow technique for obtainLng 
transonic speed8. The technique used Fnvolves placing  the model in  the 
high-velocity flow f ie ld  generated over the curved surface of a bump on 
the  tunnel  floor. (See reference 2.) 

TCypical contowe of local Mach  nuniber Fn the  vicinity of the model  
location on the bump, obtained from surveys with no  model i n  position, 
are shown in figure 5. There i s  a Mach  nurdber varlation of about 0.05 
over the model semispan at the lower Mach  numbers  and from 0.07 t o  0.08 
a t  the higher Mach numbers.  The chordwise Mach  number variation i s  
generally  less  than 0.01. Bo attempt has been made t o  evaluate the 
effects of this chordwise and spanwise Mach  number variation. Note that  
the long-daeh l ines sham near  the root  of the wtng (fig. 5 )  represent 
a  local’ Mach  number 5 percent below the maximum value and indicate  the 
extent of the bump boundary layer. The effective -Lest Mach number was 
obtained f r o m  contour charts similar t o  those  presented i n  figure 5 
Using the relationship 

M = -  C M ,  dY 

The variation of mean t e s t  Reynolds number with Mach n-er i s  
shown in figure 6. The boundaries In the figure indicate the range in 
Reynolds  nuniber  caused  by variations  in atmospheric tes t  conditions in 
the course of the  investigation. 

Force and moment data,  effective downwash asgles, and the ra t io  o f  
dynamic pressure at 25 percent of the meag aerodynamic  chord of the  free- 
floating tails  to free-stream dynardc pressure were obtained for the 
model wing alone and wing-fieelage  configurations  tested through a Mach 
number range of 0.60 t o  1.15 and aa angle-of-attack range of about -4O 
t o  loo. 

The end-plate tare  corrections t o  the drdg and t o  the  dmwash  data 
were obtained through the test Mach nmiber  range at Oo angle of attack 
by testing  the model configurations wtthout end plates. To minimize 
leakage a gap  of  about 1/16 inch was maintained between the wing root 
chord and the bump surface, as& a sponge dper  seal   (see fig. 7) was 
fastened t o  the wing butt beneath the  surface of the brrmp. The end- 
plate tare8 have been found t o  be constant with angle of attack, and 
the tares obtained a t  zero .angle of  attack were applied t o  all drag and 
downwash data. No endiplate  tare  corrections were applied t o  other 
force aad momnt data presented,  since they were found to be  very mall 

? 
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f o r  this model. Jet-boundary corrections have not been evaluated because 
the boundary conditions t o  be satisfied are not rigorously defined. How- 
ever, inasmuch as  the  effective flow field i s  large compared with  the span 
and  chord of the model, the  corrections  are  believed t o  be emall. No base- 
pressure  correction has been applied t o  the wing-fuselage drag data. 

By measuring tail-floating angles uithout a model installed, it w-as 
previously determined that a tail spacing of 2 inches relative t o  wing 
chord plane would produce negligible  interference  effects on the   ta i l -  
floating angles. Downwash angles f o r  the wing alone  configuration were 
therefore  obtained simultaneously for  the middle, highest, and lowest 
t a i l  positions  in one series of tes te  and simultaneously for the two 
intermediate  positions i n  succeeding runs. (See fig. 3.) For the wing- 
fuselage  teats, the 'effective downwash angles at the chord plane  extended 
were determined by mounting a f ree-f loat ing  ta i l  on the  center  line of 
the fuselage. The domuash m e a  presented  are increments f r o m  the   t a i l -  
floating  angles wlthout  a model i n  position. It should be noted that  the 

. tail-floating  angles presented are a measure of the angle of zero pitching 
moment about the tail-pivot axis rather than the angle of zero lift. It 
has been  estimated, however, that for this t a i l  arrangement a downwash 
gradient  as large a s  2' .across  the span of the t a i l  w i l l  result Fn an 
error of about o .2O in the measured aounwash angle. 

The total-presaure  readhgs were obtained at constant  angles of 
attack through the Mach n&er range wfthout an end plate on the model 
t o  eliminate  end-plate wakes &d with the  support-strut gap sealed with 
a foam-rubber seal  to  minhize any strut-leakage  effects. The static- 4- 

. pressure values used in computing the aynamic-pressure ratios were 
- obtained  by  use of a s ta t ic  probe with no model in position. 

FtESULTS AmD DISCUSSION 

A table o f  the  figures  presenting  the recuts follows: 

Figure 

Wingalone  force d a t a .  . . . . . . . . . . . . . . . . . . . . .  8 
Wing-fuselage force data . . . . . . . . . . . . . . . . . . . .  9 
Effective domwaeh anglea (wing alone  confi&ration) . . . . . .  10 
Effective downwash angles (wing-fuselage configuration) . . . . .  ll 
Downwash gradients . . . . . . . . . . . . . . . . . . . . . . .  12 
Dynamic-pressure surveys . .  '. . . . . . . . . . . . . . . . . .  13 
Surmnary of aerodynamic cha,racteristics . . . . . . . . . . . . .  14 

-. The discussion i s  based on the sumnus;rized d u e 8  given in figure 14 
unless Otherwi8e noted. The slopes summarized Fn figure 14 have been 
averaged over a lift-coefficient range of  33.1. 

z 

I 
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L i f t  and D r a g  Characteristice 

NACA RM ~50~16 

The llft-curve slope of the isolated wing meamred near zero lift 
was about 0.072 a t  a Mach  number of 0.60. This value compares favorably 
with  a  value of 0.073 estimated  for  this Mach nmiber  by using the low- 
speed  semispan data at high Reynolds  nuniber from reference 3 for a model 
with the same plan form and with an NACA 6!%1006 airfoil section and by 
applying a compressibility  correction  as  outlined in reference 4. 
Experimental results of a  geometrically  identical Kfsg plan form with 
an NACA 63A006 airfoil  section  tested on the transonic bump indicated 
a wing lift-curve slope of about 0.074 for this Mach  nurdber (refer- 
ence 1). It should be noted, however, that   for  the wing of the  present 
report the maximum value  of lift-curve slope near zero lift wae about 
0.103 a t  M = 0.93 which is  about 15 percent  greater  than that for  the 
wing of reference 1. In addition, the wing of the  present  report had a 

gradual  single-peaked variation of - *r, with M a t  Mach  numbers above aa 
force break a6 contrasted with the twin-peaked variation obtafned for 
the  thicker wing of reference 1. The addition o f  the fueelage had little 
o r  no effect throughout the Mach nmiber range. 

D r a g  rise at zero lift occurred a t  a Mach  number of about 0.91 for 
both the wing alone and wing-fuselage configurations. W i n g  alone mini- 
mum drag coefficient WBB 0.005 at M = 0.60 and rose to a maximum value 
o f  about 0.022 at  the  highest Mach nmibers. This value of minimum drag 
coefficient of 0.022 a t  M = 1.10 is'about one-half that obtained a t  
the 8ame Mach  number for the wing of reference 1. The addition of the 
fuselage  increased  the value of minimum drag  coefficierrt at the  lowet 
Mach  number t o  about 0.018 and t o  about 0.042 at the  highest Mach nu~iber. 

The la teral  center-of-pressure  location of  about 44 percent semi- 
span was practically constant through the Mach  number range for the wing 
alone configuration.  This value of ycp = 0.44 compares xi th  a value 

of about 0.43 a6 predicted from the  theory of reference 4, The addition 
of  the  fuaelage moRd the  lateral  center of preasure inboard about 2 per- 
cent of  the se~uiapan at l o w  Mach numbers and about 1 percent of the semi- 
span a t  high Mach nunibere. 

Pitching-Moment Characterietica 

N e a r  zero lift the wing alone aerodynamfc c a t e r  wae located a t  

25 percent mean aerodynamic chord ( (%)M = 0) f o r  Mach nuuibers up 

-7 

t o  0.85. " h i e  aerodynamic-center iocatfon compares with a value of 
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24 percent mean aerodynamic  chord a t  M = 0. f% for  the  thicker wing of 
identical plan form of reference 1. Above a Mach n&er of 0.85, the 
aerodynamic center of the wtng of this paper moves back with  increasing 
M t o  about 39 percent mean aerodynamic chord a t  Mach nuufbers dove 1.05. 
The addition of  the  fuselage moved the aerodynamic-center location for- 
wazd about 8 percent of the mean aerodynamic chord a t  l o w  Mach m e r s  
and about 6 t o  7 percent of the mean aerodynamic  chord a t  Mach nunibem 
above M = 0.83. 

Damwash  and Dynamic-Pressure Surveys 

The downtrczsh gradients ne= zero lift f o r  the wfng alone 

and wing-fuselage canfigurations were a maxfmLrm a t  the chord plane 
extended throughout the Mach nmiber range (f 
it should be noted .that the  variation of 
t a i l  heights of 0 and i 3 0  percent semispan was similar t o  the  variation 
of the  lift-curve slope with Mach  number except f o r  the one instance 
% = o for  the wing done configuration where 3sba remained conatant 
above M = 0.93. 

The results of the  point dynamic-pressure surveys made along a l ine 
containing the 25-percent-mean-aerodynamic-chord points of the  free- 
floating  tafls used in the downwash m y s  are  presented in figure 13. 
B l o w  a Mach n M e r  of 1.00 there was l i t t l e  difference Fn the w a k e  
characteristics between the wing alone and wing-fuselage configurations 
except that  slight1  lmger wake losses are indicated  for the wing 
m e l a g e   a t  a = 10 . A t  Mach nmibera of unity and greater and for 
a = loo the wake losses f o r  the  wing-melage  configuration were more 
extensive and of much greater  intensity  than  the wake losses for  the 
WFng alone. It should be noted, however, that the surveys obtained 
fn o n l y  one spanwise location. Similar wake behavior was a l s b  found t o  
exist f o r  the wing done  the wing-fuselage configurations of ref- 
erence 1 and the  results of additional spanwise  Burveys reported in 
reference 1 indicated  a very lasge- spanwise  dynamic-pressure gradient 
near the  fuselage that was not present f o r  the isolated-wing  configura- 
tion. The reasons for  such flow conditions are not understood but it 
is suggested that similar  conditions probably exist  the  present -- 
fuselage combination. 

B 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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basic  fineness  ratio==; actual fineness  ratio 10 
achieved by cutting o f f  the rear one-sixth of 

the body; e/& located  at  2/4 

O r  d i n a t e  s 

0 
.Oh143 

.Oh30 . O b 2 4  

.04167 

.o38k 
-03562 
.03128 
.02526 
.om00 
.01852 
-01125 

' .00439 
0 

L. E.  radiue = 0.00052. 
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Figure 2.- Details o f  f'ree-floatlng t a i l m t e d  in fuselage of a model. 
with an unsvept wing of aspec t   r a t io  4, taper ratio 0.6, an8 
NACA 65A004 airfoil  eection. 

. ...  .. 
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Figure 4.- A p i c t o r i a l  view  of a m o d e l  with an  unswept wing of aspect  
r a t i o  4, taper r a t i o  0.6, and NACA 65A004 a i r f o i l  eection mounted 
on the transonfc bump showing free-floating tails. 
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4 -. 

Mm.78 kl=.91 

"- Nominal bwndaty-layer thickness 

MaIBO 

Station on bmp, In. 

Figure 5.- 'pypical Mach number  contour^ over tranemic bump i n  region 
of model location. 
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.6 .7 .8 .e 1 .o 1.1 1.2 
Mach number, M 

Figure 6 .  - Variation of t e s t  Reynolds nmiber with Mach number for a 
model with an unswept w i n g  of aspect ratio 4, taper r a t i o  0.6, and 
NACA 65~004 airfoi l  section. . .  
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v 
L-61939.1 

Figure 7.- A pictorial  view showing sponge-wiper-seal installation on the 
wing  model and position of the  free-floating tails. 
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Figure 8.- Aerodynamic characteristics for a model with an unswept wing 
of aspect ratio 4, taper ra t io  0.6, ami NACA 6 5 ~ 0 4  a i r f o i l  section. 
Wing alone. 
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Figure 9.- Aerodynamic  characterietlcs of a model with an unewept iing 
o f  aepct ratio 4, taper ratio 0.6, and MACA 65A004 a i r f o i l  section. 
Wing Fuselage. 

. .  . .  
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Figure 10.- Effective downwash angles i n  region of tail plane for  a model 
with an unswept w i n g  of aepect ratio 4, taper  ratio 0.6, and 
NACA 63~004 airfoil section. Wing done. . 
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Figure 11.- Effective downwash angles in  the region of the tail-plane 
of a model with an unmept wing of aspect r a t io  4, taper ra t io  0.6, 
and NACA 65A004 airfoil section. Wing fuselage. 
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Figure 12.- Variation of downwash  gradient with tail  height  and Mach number 
for a model with an unswept wing of aspect  ratio 4, taper  ratio 0.6; and 
NACA 65AOO4 airfoil section. CL = 0. 
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Figure 13. - Uynarmc-pressure surveys in region of tail plane for a model 
d t h  an unswept wing of aspect ra t io  4, taper ratio 0.6, and 
NACA 63004 a i r f o i l  aectlon. 
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Figure 13. - Concluded. 
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Figure 14.- Buuunary o f  aeroaynamic cbaracter is t ica  near zero llft for a 
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